Stroke is a devastating condition for low- and middle-income countries and the third leading condition with the highest mortality and death.\[[@ref1]\] The estimated number of deaths due to stroke was about 5.71 million people as per the World Health Organization data, and this number will be increased to 6.3 and 7.8 million in 2015 and 2030, respectively.\[[@ref2][@ref3]\] Similarly, traumatic brain injury (TBI) is a critical public health and socioeconomic problem throughout the world. TBI commonly leads to neurocognitive deficits (such as impaired attention, inability to form visuospatial associations, or poor executive function) and psychological health issues.\[[@ref4]\] Current treatments for acute ischemic stroke (AIS) include intravenous thrombolytic therapy with tissue-type plasminogen activator (t-PA) and endovascular therapies, including intra-arterial thrombolytic therapy and the use of clot retrieval devices.\[[@ref5]\] Surgical management with hemispheric decompression in patients with middle cerebral artery territory infarction and associated life-threatening parenchymal edema has also been supported.\[[@ref6]\] Since the approval of recombinant tissue plasminogen that acts within 3--4.5 h of its administration, no new drug is found to be as effective in the treatment of acute stroke. Despite this, the number of neuroprotectors used in the management of acute stroke has become known in the last couple of years. The ideal neuroprotective approach in the management of stroke is that the agent should allow intravenous administration, should have a greater window of convenience than recombinant t-PA (rt-PA), should be well tolerable, and must augment functional recovery after stroke.\[[@ref7]\] In several preclinical study models of acute stroke and ischemia, many neuroprotectors exhibited biochemical benefits although their efficacy was found to be deficient in many Phase III trials.\[[@ref7]\] New insights into the pathophysiology of severe TBI, especially the realization that brain damage develops sequentially, initiated several new treatment approaches aiming at the interruption of pathophysiological mechanisms leading to secondary brain injury. A high number of pharmacological substances have been tested for their ability to ameliorate secondary damage after TBI or are currently under clinical trial, but no drug has achieved this goal so far.\[[@ref8]\]

Cytidine-5\'-diphosphocholine (citicoline or CDP-choline) has shown beneficial effects in a number of central nervous system injury models and pathological conditions of the brain as it is an intermediate product of phosphatidylcholine (PtdCho) biosynthesis. Citicoline as an intermediate of PtdCho and sphingomyelin biosynthesis enhances the synthesis of these products and simultaneously inhibits the activation of phospholipases (destructive processes). Its neuroprotective action is due to preservation of cardiolipin and sphingomyelin, prevention of arachidonic acid content of PtdCho, inhibition of lipid peroxidation, and restoration of the level of PtdCho. All above-explained effects could be related with attenuation of phospholipase A~(2)~ activation. Citicoline, being an endogenous compound, is available naturally. However, for clinical use of citicoline, its sodium salt is synthesized.\[[@ref9]\]

In animal models, exogenous administration of citicoline is reported to reduce the breakdown of PtdCho, hence reducing the free fatty acid levels.\[[@ref10]\] In various ischemia/hypoxia animal models, citicoline treatment is demonstrated to be profitable,\[[@ref10][@ref11][@ref12][@ref13]\] not to mention in recent studies with reversible focal occlusion\[[@ref14]\] as well as in intracerebral hemorrhage model.\[[@ref15]\] The above studies manifest the beneficial effects of citicoline in reducing the concentrations of free fatty acids, thereby improving neurological signs, reducing neurological deficits, restoring performance of animal learning, decreasing glutamate-mediated injury, preserving the levels of PtdCho, and improving the survival of neurons.

Positive results of preclinical studies with animal models of neurodegenerative diseases have prompted clinical trials with citicoline as a treatment for human brain diseases\[[@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24]\] Although several previous small clinical studies had achieved promising results: Two recent large randomized multicenter trials -- the Citicoline Brain Injury Treatment (COBRIT) trial performed in 1213 patients with TBI,\[[@ref16]\] and the international, randomized, multicenter, placebo-controlled sequential International Citicoline Trial on Acute Stroke (ICTUS) trial performed in 2298 patients with moderate-to-severe acute ischemic stroke\[[@ref17]\] -- led to the conclusion that citicoline is not efficacious in these clinical settings. The negative outcomes of these studies were deemed surprising and prompted a few comments, which focused mostly, although not exclusively, on methodological aspects of the evaluation of the clinical effects of the drug.

Cost of therapy is the most important parameter for selecting any neuroprotector for the treatment of AIS. The incremental analysis showed that citicoline treatment was the dominant treatment when using the Cochrane study as placebo was both less effective and more expensive. The authors concluded that treatment with citicoline in acute ischemic stroke was a highly cost-effective alternative to placebo in the setting of the Spanish healthcare system.\[[@ref25]\]

To find out some concrete results, we reviewed the currently available study evidence systematically regarding the role of citicoline in AIS and TBI, including clinical and observational studies based on neurological, functional, domestic adaptation outcome and cognitive outcome.

Material and Methods {#sec1-1}
====================

Search Method and Selection Criteria {#sec2-1}
------------------------------------

Potential studies were identified by searching "PubMed" and "Science Direct" for "citicoline," "CDP-choline" in combination with "stroke," "TBI," "head injury," "brain injury." The database was searched for (nonreview) articles in English, published up to April 2015. The present review includes those trials that contain original information about the effects of the treatment with citicoline in stroke and TBI. For completeness, articles reporting observational studies of citicoline in stroke and TBI were also included. Our criteria for selection of patients were: (1) Patient of AIS, TBI, head injury, and brain injury, (2) must have been treated in 24--48 h of stroke, (3) baseline National Institutes of Health Stroke Scale (NIHSS \>8), modified Rankin scale (mRS \<1) immediate after stroke.

End-points {#sec2-2}
----------

Four end-points were measured in this systemic review. A meta-analysis was performed for evaluating neurological, functional, domestic adaptation and cognitive impairment using NIHSS, mRS and Glasgow outcome scale (GOS), Barthel Index (BI) score, and cognitive impairment evaluation, respectively. All three parameters were evaluated by odds ratio (OR) and significance value *P* \< 0.05 was decided using forest plot.

Statistical Methods {#sec2-3}
-------------------

We used comprehensive meta-analysis V2 software (Biostat, Englewood, New Jersey, New Jersey) for pooling analysis of clinical trials and performed forest plot for comparison of total available clinical trials based on NIHSS, mRS/Glasgow, BI, and cognitive outcomes.

Results {#sec1-2}
=======

Search Results {#sec2-4}
--------------

After database search as discussed in material and methods section, we found 140 studies in the first search. We excluded animal studies (*n* = 50) as we included only clinical studies in our systemic review. We excluded review articles (*n* = 42), case reports (*n* = 1), guidelines (*n* = 1), and studies other than stroke and TBI (*n* = 14). At the time of database search, we found some nonciticoline (*n* = 21) and non-English studies (*n* = 3), which were also excluded. Hence, finally, in this systemic review, we narrowed to 12 trials which included stroke (*n* = 8) and TBI (*n* = 4) \[[Figure 1](#F1){ref-type="fig"}\].

![Procedure for selection of trials for systemic review](IJPharm-49-4-g001){#F1}

End-points {#sec2-5}
----------

We have performed a meta-analysis of selected trials based on neurological, functional, domestic adaptation outcomes and cognitive outcomes individually. [Table 1](#T1){ref-type="table"} summarizes the number of enrolled patients in citicoline and placebo group for analysis of neurological, functional, domestic adaptation outcomes and cognitive outcome in clinical trials.

###### 

Clinical trials and patient selected in meta-analysis for end-point evaluation

![](IJPharm-49-4-g002)

Neurological Evaluation {#sec2-6}
-----------------------

For analyzing the effect of citicoline for neurological outcomes, five randomized controlled trials (RCTs) were selected. In all five trials, a total of 3803 patients were randomized in two groups, citicoline (*n* = 1975) and placebo (*n* = 1825). In this meta-analysis, we found no significant difference between both the groups. In both groups, 30% (601 of 1975 and 546 of 1825) of patients showed NIHSS \<1 and OR was 1.04 (0.9--1.2, *P* = 0.583) \[[Figure 2](#F2){ref-type="fig"}\].

![Treatment effect on the recovery of neurological assessment (National Institutes of Health Stroke Scale \<1)](IJPharm-49-4-g003){#F2}

Functional Evaluation {#sec2-7}
---------------------

Functional outcomes were measured using mRS score and Glasgow outcome assessment. In our meta-analysis, we examined eight trials with 5631 patients with AIS and TBI. In citicoline group 2954 and in placebo group 2677 patients were included. In citicoline group, 29.01% (857 of 2954) and in placebo group, 24.65% (660 of 2677) of patients showed better functional outcomes (mRS ≤1, GOS \>7). There was a significant difference in both groups in our meta-analysis and OR was 1.18 (1.04--1.34, *P* = 0.008) \[[Figure 3](#F3){ref-type="fig"}\].

![Treatment effect on the functional recovery (modified Rankin scale \<1 and Glasgow outcome scale \>7)](IJPharm-49-4-g004){#F3}

Barthel Index {#sec2-8}
-------------

We also evaluated 4 studies for assessment of domestic adaptations by BI measurement. A total of 3618 patients were enrolled in these studies and were divided into 2 groups. In both citicoline group (*n* = 1874) and placebo group (*n* = 1744), there was no significant difference in results. 28.3% patients in citicoline group and 26.7% patients in placebo group showed improvement and the OR for BI \>95 (1.1 \[0.94--1.27, *P* = 0.209\]) \[[Figure 4](#F4){ref-type="fig"}\].

![Treatment effect on the recovery of activities of daily living (Barthel Index \>95)](IJPharm-49-4-g005){#F4}

Cognitive Outcome {#sec2-9}
-----------------

For assessment of cognitive outcome, 4 trials of TBI were evaluated. A total of 3618 patients enrolled in these studies and were divided into 2 groups. In both citicoline group (*n* = 634) and placebo group (*n* = 629), there was no significant difference in results. 59.46% patients in citicoline group and 59.77% patients in placebo group showed improvement and the OR for cognitive improvement was 0.953 (0.75--1.2, *P* = 0.691) \[[Figure 5](#F5){ref-type="fig"}\].

![Treatment effect on recovery of cognitive functions](IJPharm-49-4-g006){#F5}

Discussion {#sec1-3}
==========

In current systemic review, our pooled patient analysis was performed individually for neurological, functional, and domestic adaptation evaluation. Neurological status was measured and documented by NIHSS, a clinical stroke assessment tool for AIS. This universal stroke scale evaluates the stroke severity and lesion size. Functional outcomes were measured by mRS and Glasgow outcome in AIS and TBI trials. The mRS measures independence rather than the performance of specific tasks. In this way, mental as well as physical adaptations to the neurological deficits are incorporated. The BI is the most commonly used scale for assessing activities of daily living in patients with stroke. The reason for this individual measurement of parameters was to evaluate citicoline on neurological, functional, improvement in daily living functions and cognitive outcomes basis as well as finding out the holistic approach of citicoline in acute stroke management.

Results for neurological evaluation of the present meta-analysis were not in favor of citicoline, OR suggested that citicoline is just similar to placebo. The very recent trial (ICTUS, 2012) on citicoline stated that citicoline is just similar to placebo in most of the parameters for managing the acute stroke.\[[@ref17]\] Clark *et al*.\[[@ref20]\] also supported these results. Our results were in line with ICTUS trial as well as with most of the previous citicoline trials; where authors reported the neutral effect of citicoline in the improvement of neurological functions. Some contradictory results were also found in other clinical trials. Clark *et al*.,\[[@ref18][@ref19]\] in their other trials, suggested that citicoline improves neurological deficits at an initial dose of 500 mg. Another extensive meta-analysis\[[@ref23]\] of citicoline trials also showed the positive results; however, the neurological outcomes were nonsignificantly higher in citicoline group. In spite of including these trials in our meta-analysis, the pooled patient analysis showed no significant effect of citicoline on neurological status in patients with AIS. Rao *et al*.\[[@ref26]\] suggested the proper cause for the failure of citicoline and its effect on neurological outcomes in various trials. Breakdown of citicoline in choline and cytidine triphosphate (CTP) and crossing the blood brain barrier are recognized by CTP: Phosphocholine cytidylyltransferase (CCT) which is downregulated after stroke.\[[@ref26]\] Downregulation of CCT increases fatty acid accumulation that results in significant PtdCho loss, which thus is responsible for the ineffectiveness of citicoline.\[[@ref26]\]

For functional evaluation, we have measured mRS \<1 and Glasgow \>7 in our meta-analysis which is based on available RCTs and observational studies. Our results identified significant improvement in functional outcomes, which are similar to the results of a very extensive meta-analysis done by Dávalos *et al*. which reported full recovery observed in individual functional scales such as mRS.\[[@ref23]\] Secades *et al*.\[[@ref21]\] performed a small study which analyzed that one patient in the placebo group was categorized as having no disability (mRS \<2) in comparison with five patients in the citicoline group.\[[@ref19]\] Three continuous US-based trials done by Clark *et al*. also recommended the positive effect of citicoline in functional outcomes.\[[@ref18][@ref19][@ref20]\] In their latest trial (2001), they found that mRS returned to baseline and showed a significant treatment effect at 6 weeks.\[[@ref20]\] Our results are in consistency with above-mentioned trials. However, two large trials, ICTUS (2012) and COBRIT (2012), concluded the placebo effect of citicoline on functional outcome, respectively (mRs ≤1, OR 1.02 \[0.83--1.26\] and GOS \>7, OR 0.99 \[0.76--1.28\]).\[[@ref16][@ref17]\] The reason for the failure of ICTUS trial was that they used rt-PA, a thrombolytic agent, that increases the blood flow in penumbra,\[[@ref20]\] and COBRIT study cannot address the effects of citicoline on earlier administration in recovery or in titrated doses.\[[@ref16]\] Improvement in functional outcome is due to the membrane stabilizing, free radical scavenging, and surfactant-precursor properties\[[@ref27]\] of citicoline, which showed a pleiotropic effect in severely ill patients. In experimental study, it was also found that attenuation of sympathetic system could be an interpreter of better functional outcomes.\[[@ref28]\] In brain injury animal models, citicoline has been stabilizing the immediate release of catecholamine that improves the functional outcomes directly.\[[@ref29]\]

For improvement in daily living functions, we analyzed the trials for BI \>95 and this change was not significant in our meta-analysis plot. The ORs suggested that citicoline is similar as placebo for BI improvement. ORs of ICTUS trial also support our results, which showed no marked improvement in BI when compared to placebo.\[[@ref17]\] In the same line, two US-based RCTs\[[@ref18][@ref19]\] examined the effect of citicoline by BI examination and found similar results as placebo and no acceptable improvement in domestic adaptation in patients with AIS at 1000 mg and 2000 mg dose. However, another Phase III study done by Clark *et al*.\[[@ref20]\] illuminated the positive effect of citicoline in daily domestic adaptations (BI \>95); however, this significant difference was lost at the 12-week assessment. A meta-analysis done by Dávalos *et al*. summarized noticeable improvement in BI after treatment with citicoline.\[[@ref23]\]

We measured cognitive outcomes in TBI based on four studies. Our meta-analysis clearly suggested no effect of citicoline over placebo in cognitive improvement. The very recent trial (COBRIT, 2012) on citicoline stated that citicoline is just similar to placebo in cognitive improvement of patients with TBI.\[[@ref16]\] Similar results were submitted by Aniruddha *et al*.\[[@ref30]\] in their trial on mild head injury. They found no difference between citicoline and placebo in concentration improvement in patients with mild head injury. Our results were contradictory with the findings of Levin\[[@ref31]\] and Calatayud Maldonado *et al*.\[[@ref32]\] In Levin\'s trial,\[[@ref31]\] postconcussional symptoms were measured and 100% patients showed improvement in cognition after citicoline treatment compared to 29% of placebo patients. Similarly, Calatayud Maldonado *et al*.\[[@ref32]\] suggested the better improvement in memory after 3 months treatment of citicoline compared to placebo. Reason behind no effect or negative effect was explained in COBRIT trial.\[[@ref16]\] Trial explained that molecular mechanisms that may be neuroprotective by acutely promoting tissue repair and neurologic recovery in severely injured patients might be deleterious in the postacute setting or in patients with milder injuries. A therapy that affects inflammatory, lipid peroxidative, and cholinergic mechanisms may have less benefit or even an overall negative effect in those with less severe injury.\[[@ref16]\]

After concrete analysis of all trials, we conclude that citicoline is effective in the improvement of functional outcomes, but the role of this drug in neurological recovery, improvement in domestic adaptation and cognition is still in the state of dilemma. In last few years, citicoline has become the hope of clinicians for the treatment of stroke and TBI, but the aura of this molecule faded after ICTUS and COBRIT trial, which found the negative results in neurological, domestic adaptation and cognitive outcomes. This highlights the issue on international level and suggests that large-scale clinical trials will be required to justify the use of citicoline monotherapy. This will be helpful for clinicians to decide on to the use of citicoline inpatient settings.
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